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NOMENCLATURE 


a  distance  from  hole  centre  to  plate  boundary  (free  edge) 

E  Young’s  modulus 

q  non-dimensionalising  parameter  [=  £A/2  for  plane  stress] 

r  radius  from  hole  centre  to  point  z 

R  radius  of  hole 

5  remote  stress  applied  at  infinity 

X,  y  Cartesian  coordinates 

Y  yield  stress 

z  location  of  point  under  consideration 

8  angle  at  hole  centre  between  x  axis  and  point  z 

A  radial  interference//? 

fr,  0$  polar  stresses,  radial  and  circumferential 

f0  polar  shear  stress 


1.  INTRODUCTION 

It  has  been  shown  that  the  edge  distance  of  a  hole  in  a  semi-infinite  plate  containing  a  bonded 
interference-fit  disc  has  a  marked  influence  on  the  resulting  local  stress  field.'  In  particular,  the 
stress  maxima  and  minima  and  their  locations  are  not  obvious,  and  although  not  difficult  to 
identify,  they  do  require  evaluation  for  each  specific  case.  Similarly,  the  location  of  the  point(s) 
in  the  plate  from  which  yield  will  spread,  whether  from  interference-fitting  alone  or  in  combination 
with  remote  loading,  is  not  known  in  advance. 

In  this  report  the  initiation  of  yield  in  terms  of  both  interference-fit  and  remote  loading 
parameters  is  evaluated  over  the  full  range  of  edge  distance  ratios,  i.e.  from  ajR  =  1  to 
alR  =  00. 


2.  STRESSES 

The  elastic  stresses  in  a  half-plane.  Fig.  1,  arising  from  a  bonded  interference-fit  disc  of  the 
same  material  are^ ; 

(1) 

(2) 

(3) 

where  the  subscript  (i)  refers  to  interference-fitting. 


'  =  +  -S+2R2--— + 


LR? 


(^2  +  gi!)2-(^24.fl2)3 


and 


('•9/9)1  = 


MR2 


A  =  2a  +  r  cos  9, 


In  a  plate  containing  a  bonded  neat-fit  insert  of  the  same  material,  the  elastic  stresses  arising 
from  remote  loading  alone  are  simply  those  in  a  similar  plate  without  a  hole.  In  terms  of  the 
present  polar  notation  the  stresses  arising  are : 


(rr/9)s  =  (5/9)  sin*  9 

(4) 

(99/9)s  =  iSlq)  cos*  9 

(5) 

('•9/9)5  =  (S/q)  sin  9  cos  9 

(6) 

where  the  subscript  (s)  refers  to  remote  loading. 
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Algebraic  summing  of  like  components  above  provides  the  stresses  acting  at  any  point  in 
the  plate  under  the  actions  of  both  interference-fit  and  remote  loading.  For  example, 

Frig  =  {Frlg),  +  (Frlg)s. 


3.  INITIATION  OF  YIELD 

Plane  stress  conditions  are  assumed  in  this  analysis.  For  non-principal  stresses,  the  von  Mises 
yield  criterion  is : 


Fr-  :  ee'^—Fr  68  +  3  ~ 

or 

(Frlg)^  +  (fglq)^-(Fr/q)(f6/g)  +  3(r6/gy^  (Yq)-  0. 

Substitution  of  (l)-(-(4),  (2)  +  (5)  and  (3)  + (6)  into  (7)  gives 

(S/q)i  +  (Slq)b  +  c  {Y,q)-=0 
b  =  (Frlq),{3  sin^  0-  \)  +  (^/q),(3  cos-  0  l)-h  3(»v  q),  sin  2« 
<'  =  {rr!q)(-  +  (08lq){^-(Fr'iqUo6lq)i  +  3{Pq:q)F- 


where 

and 


(7) 


(8) 


It  is  convenient  for  later  presentations  to  rewriij  (8)  in  terms  of  the  non-dimensional  para¬ 
meters  5/  Y  and  A/(  YjE).  Since,  for  plane  stress,  q  =  EXjl,  Ref  2.  (8)  becomes : 


\  bS  cF  \  Y 
Vf/  ^  YIE2  F/£/ 


10. 


This  equation  can  be  solved  readily  for  either  parameter; 


(9) 


(10) 


Thus,  for  given  geometry  (0.  b  and  r )  and  material  (  Y/E)  the  combination  of  interference  and 
remote  loads  to  initiate  yield  at  any  point  in  either  the  plate  (or  the  disc*)  may  be  calculated  from 
(9)  and  (10).  There  is  a  problem,  however,  in  that,  in  general,  the  location  of  the  point  of  yield 
initiation  is  not  known  in  advance.  This  means  that  yield  initiation  at  various  locations  must 
be  evaluated  so  that  the  threshold  combinations  of  interference-fit  and  remote  loading  to  initiate 
yield  can  be  identified. 

Yielding  occurs  in  the  plate  either  on  the  free  edge  or  at  the  hole  interface.  Along  the  free 
edge  both  normal  and  shear  stresses  vanish  so  that  the  location  of  the  maximum  tangential  stress 
on  the  free  edge  becomes  that  of  initial  yield:  this  point  is  invariably-  at  the  origin.  Fig.  I. 
Around  the  hole  interface  the  points  of  initial  yield  arc  both  geometry  and  load  dependent  and 


*  A  check  on  the  loadings  required  to  initiate  yield  in  the  disc  reveals  that,  in  the  presence  of 
interference-fit  stresses,  these  always  exceed  those  required  to  initiate  yield  in  the  plate:  yield 
is  always  initiated  first  in  the  plate  (provided  the  yield  stress  of  the  disc  is  of  the  same  order  as 
or  greater  than  that  of  the  plate). 
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must  be  identified  by  numerical  evaluation.  A  comparison  of  the  conditions  causing  yield  on 
each  of  the  two  boundaries  determines  at  which  location  yield  first  occurs. 

Before  examining  the  general  case  of  both  interference-fit  and  remote  loading,  it  is  useful 
to  consider  the  separate  cases  where  one  or  the  other  loading  parameter  is  absent. 


(a)  No  remote  loading 
In  this  case 


5/y'  =  0 


and  ( 10)  becomes : 


A/(l'/£)==2/Vc.  (11) 

Equation  (11)  has  been  evaluated  on  the  free  edge  at  the  origin*  and  around  the  hole  for  several 
values  of  ajR.  Figure  2  shows  that  at  values  of  ajR  up  to  1  -45  yielding  occurs  first  at  the  origin : 
beyond  this  value  it  occurs  first  at  the  hole.  The  lower  graph  shows  the  location  of  yielding 
around  the  hole,  again  as  a  function  of  ajR.  The  valid  region  of  this  graph  is  for  ajR  ^1-45 
only,  so  that  with  increasing  ajR  yielding  around  the  hole  occurs  first  at  S  =  131°  when 
ajR  =  1  -45,  6  asymptoting  slowly  towards  90°  for  larger  ajR.  Notice  that  yield  never  initiates 
first  at  the  hole  adjacent  to  the  free  edge  (6  =  180°)  when  remote  loading  is  absent. 


(b)  No  interference  fit  (neat-fit  insert) 
In  this  case 


and  (9)  becomes . 


m  YIE)  =  0 


£/  K  =  ±1 


(12) 


and  thus  general  yielding  occurs  throughout  both  plate  and  disc.  The  situation  is  simply  uni¬ 
axial  tensile  or  compressive  yield  of  the  half  plane. 


(c)  Combined  interference-fit  and  remote  loading 

The  situation  has  been  outlined  above.  Evaluation  of  (9)  and  (10)  on  the  free  edge  at  the 
origin  is  straightforward.  However,  around  the  hole,  the  location  of  yield  initiation  is  unknown, 
and  thus  (9)  and  (10)  have  been  evaluated  at  0  - 1  degree  intervals  for  representative  a/R  to  dis¬ 
cover  those  combinations  of  the  loading  parameters  which  initiate  yield. 

There  are  three  main  non-dimensional  parameters  involved  in  defining  the  location  of 
yielding  around  the  hole ;  one  geometric  and  two  loading  parameters,  together  with  the  angle  B. 
These  data  are  given  in  Table  1  and  in  Figs  3,  4  and  5,  where  in  each  case  two  of  the  parameters 
are  varied  while  the  third  is  maintained  constant.  One  of  these  graphs  (Fig.  4)  also  allows  the 
various  6  regimes  to  be  seen. 

Figure  3  is  a  generalisation  of  Figure  2  to  include  lines  of  constant  Sj  Y.  Those  sections 
of  the  lines  which  are  invalid  (because  of  prior  yielding  elsewhere)  have  been  omitted.  This 
graph  shows  that  under  positive  remote  loading  yield  initiates  at  the  hole  at  about  ajR  —  I  -  S 
irrespective  of  the  value  of  5/  Y,  whereas  under  negative  loading  the  situation  is  rather  different. 


*  At  the  origin  (11)  simplifies  to 

XHYIE)=i(alR)Hl-SIY). 
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As  5/  Y  becomes  negative  the  changeover  ajR  value  (from  initial  yield  at  the  free  edge  to  yield 
at  we  hole)  decreases  until,  for  Sj  Y  ^  -0-4505,  yield  initiates  always  at  the  hole. 

TSjs  behaviour  can  be  seen  more  clearly  in  Fig.  4,  w  here  5/ F  is  plotted  against  a  /i  for 
constant\l  F/F).  This  delineates  clearly  the  regions  of  initial  yield,  whether  at  the  edge  or  at 
the  hole.  In  rtie  latter  case  the  loculion  of  yielding  around  the  hole  also  show  n  in  live  regions 

(I  180 

180  ^  95 

95  >  II  >  90 

n  -=  90 

e  <  90’ 

At  high  a  R,  fi  becomes  90  for  negative  S,  )'  and  180  for  positive  S  )  .  Although  for  low 
a  R  an  accurate  description  is  difficult,  the  same  statement  is  approximately  correct.  The  com¬ 
bination  of  the  loading  parameters  S;  F  and  A,(  F/£')  to  cause  the  initiation  of  yield  at  the  hole 
is  almost  independent  of  ajR  —  the  main  influence  of  a  R  is  in  determining  w  hen  the  location  of 
yield  changes  from  the  free  edge  to  the  hole  interface.  For  irR  greater  than  I  -5187  yield  initiates 
at  the  hole,  irrespective  of  the  magnitude  of  the  remote  loading. 

This  insensitivity  of  the  parameter  <i  R  (except  for  its  lowest  values)  in  relation  to  the  com¬ 
binations  of  loading  parameters  which  initiate  yielding  can  also  be  seen  in  Figs  5(o)  and  5(1;), 
where  S  Y  is  plotted  against  A/(  >'  F)  for  constant  «,  R.  Figure  5{h)  shows  th:ii.  for  a  given  inter¬ 
ference.  some  plates  of  finite  ii  R  can  even  sustain  slightly  higher  positive  values  of  S  )  (but 
reduced  negative  values)  than  can  an  infinite  plate  before  yielding  occurs.  The  situation  for 
negative  .5/  F  conforms  more  to  expectation. 

For  u,R  greater  than  1  -5187.  where  yield  initiates  always  at  the  hole,  the  maximum  value 
of  interference  to  initiate  yield  (refer  to  Fig.  5)  is  found  where  (9)  becomes  single  valued.  By 
equating  the  radical  to  zero,  the  non-dimensional  interference  is  given  by  : 

A/()  ;£)  .  2,x  4c-f7^  (13) 

This  must  be  maximised  with  respect  to  IK  after  which,  again  from  (9): 

5/F  [A/(  y7£)](ft/4),  (14) 

The  maxima  from  (13)  and  (14)  together  with  the  corresponding  values  of  H  arc  listed  as 
the  final  entries  for  each  value  of  a/R  in  Table  I, 


4.  CONCLUSIONS 

Under  the  actions  of  both  interference-fit  and  remote  loading  sufficient  to  initiate  yield, 
a  half-plane  containing  a  bonded  insert  of  the  same  material  exhibits  the  following  characteristics. 

1.  The  location  of  the  point(s)  of  yield  initiation  is  dependent  upon  the  hole  edge  distance 
geometry,  and  the  combinations  of  interference-fit  and  remote  loading  parameters. 


The  positions  of  the  dotted  lines  in  Fig.  4  arc  approximate  only. 


2.  For  edge  distance  ratios  {ajR)  greater  than  1-5187,  and  for  remote  to  yield  stress  ratios 
(S/K)  of  less  than  —0-4505,  yield  always  initiates  at  the  hole  interface.  In  the  region 
where  ajR  is  less  than  1  -5187  and  S/  Y  is  greater  than  —0-4505  yield  initiates  either  at 
the  hole  or  at  the  free  edge  adjacent  to  the  hole,  depending  uf)on  interference-fit  and 
remote  loading. 

3.  At  very  high  a/R,  yielding  initiates  at  the  hole  at  the  point  nearest  to  the  free  edge 
{0  =  180°)  for  positive  SjY  and  at  the  point  0  ■=  90'  for  negative  Si  f :  the  same  is 
also  approximately  true  for  lower  values  of  a/R  where  yielding  occurs  at  the  hole  inter¬ 
face. 
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TABLE  1: 


INTERFERENCE-FIT  AND  REMOTE  LOADING  COMBINATIONS  TO 
INITIATE  YIELD 


a/R-l.O 

X/(Y/1) 

S/Y 

TICTA 

S/Y 

THETA 

0.0000 

O.OSOO 

1.0000 

0.9000 

180.0 

-1.0000 

-0.9670 

86.5 

0.1000 

0.8000 

180.0 

-0.9333 

86.7 

0.1500 

0.7000 

180.0 

-0.8989 

86.8 

0.2000 

0.6000 

180.0 

-0.8638 

86.9 

0.2500 

0.5000 

180.0 

-0.8281 

87.1 

0.3000 

0.4000 

180.0 

-0.7916 

87.3 

0.3500 

0.3000 

180.0 

-0.7545 

87.5 

0.4000 

0.2OO0 

180.0 

-0.7166 

87.7 

0.4500 

O.lJOO 

180.0 

-0.6779 

87.9 

0.5000 

0.0000 

180.0 

-0.6385 

88.2 

0.5500 

-O.IOOO 

180.0 

-0.5983 

88.5 

0.6000 

-0.2000 

180.0 

-0.5573 

88.9 

0.6500 

-O.JOOO 

180.0 

-0.5153 

89.3 

0.7000 

-0.4000 

180.0 

-0.4725 

89.8 

0.7252 

-0.4505 

90.1* 

6/I-1.I 

X/(Y/E) 

S/Y 

THETA 

S/Y 

THETA 

0.0000 

l.OOOO 

-l.OOOO 

0.0500 

0.9174 

EDGE 

-0.9657 

87.3 

0.1000 

0.8347 

EOCB 

-0.9306 

87.4 

0.I5OC 

0.7521 

EOCE 

-0.8949 

87.5 

0.2000 

0.6694 

EOCE 

-0.8584 

87.7 

0.2500 

0.5868 

EOCE 

-0.8213 

87.9 

0.3000 

0.5041 

EDGE 

-0.7834 

88,1 

0.3500 

0.4215 

EOCE 

-0.7448 

88.3 

0.4000 

0.3388 

EOCE 

-0,7055 

88.5 

0.4500 

0.2562 

EOCE 

-0.6654 

88.8 

0.5000 

0.1736 

EOCE 

-0.6245 

89.1 

0.5500 

0.0909 

EDGE 

-0.5827 

89.4 

0.6000 

0.0083 

EOCE 

-0,5401 

89.8 

0.6500 

-0.0744 

EOCE 

-0.4965 

90.3 

0.7000 

-0.1570 

EOCE 

-0.4520 

90.9 

0.7500 

-0.2397 

EOCE 

-0.4064 

91.6 

0.8000 

-0.3223 

EDGE 

-0.3595 

92.6 

0.8143 

-0,3459 

92.9* 

a/ll-1.2 

X/(Y/B) 

S/Y 

THETA 

S/Y 

THETA 

0,0000 

0.0500 

1.0000 

0.9306 

EDGE 

-1.0000 

-0.9647 

87.9 

0.1000 

0.8611 

EOCE 

-0.9287 

88.0 

0.1500 

0,7917 

EDGE 

-0.8920 

88.1 

0.2000 

0.7222 

EOCE 

-0.8546 

88.3 

0.2500 

0.6528 

EOCE 

-0.8164 

88.5 

0.3000 

0.5833 

EOCE 

-0.7776 

88.7 

0.3500 

0.5139 

EOCB 

-0.7380 

88.9 

0.4000 

0.4444 

EDGE 

-0.6977 

89.1 

0.4500 

0.3750 

EOCB 

-0.6565 

89.4 

0.5000 

0.3056 

BOGB 

-0.6146 

89.7 

0.5500 

0.2361 

EOCB 

-0.5718 

90.1 

0.6000 

0.1667 

EOCB 

-0.5282 

90.5 

0.6500 

0.0972 

EDCl 

-0.4836 

91  .0 

0.7000 

0.0278 

Boa 

-0.4380 

91.6 

0.7500 

-0.0417 

EDGE 

-0.3913 

92.4 

0.8000 

-O.illl 

EOCE 

-0.3434 

95.4 

0.8500 

-0.1806 

BOGS 

-0.2938 

94.8 

0.8968 

-0.2456 

96.7* 

x/(Y/e) 

0.0000 

S/Y 

1.0000 

THETA 

S/Y 

-l.OOOO 

THETA 

0.0500 

0.9408 

EDGE 

-0.9640 

88.3 

0.1000 

0.8817 

EOCE 

-0.9273 

68.4 

0.1500 

0.8225 

EDGE 

-0.8899 

88.6 

0.2000 

0.7633 

EDGE 

-0.8518 

88.7 

88.9 

0.2500 

0.7041 

EDGE 

-0.8130 

0.3000 

0.6450 

EDGE 

-0.7734 

69.1 

0.3500 

0.5858 

EDGE 

-0.7332 

89.3 

0.4000 

0.5266 

EDGE 

-0.6922 

89.5 

0.4500 

0.4675 

EDGE 

-0.6504 

89.8 

0.5000 

0.4083 

EDGE 

-0.6078 

90. 1 

0.5500 

0.3491 

EDGE 

-0.5644 

90.4 

0.6000 

0.2899 

EDGE 

-0.5201 

90.9 

0.6500 

0.2308 

toot 

-0.4749 

91  .4 

0.7000 

0.1716 

EDGE 

-0.4287 

92.0 

0.7500 

0.1124 

EUZ 

-0.3814 

92.8 

0.8000 

0.0533 

EDGE 

-0.3329 

93.6 

0.8500 

-0,0059 

EDGE 

-0.2828 

95.2 

0.9000 

-0.0651 

EDGE 

-0.2308 

97.3 

0.9500 

0.9716 

-0.1243 

-0.U96 

EDGE 

103.0* 

-0.1754 

100.7 

a/R*l.4 

k/(Y/E) 

S/Y 

THETA 

S/Y 

THETA 

0.0000 

0.0500 

l.cOOO 

0.9490 

EDGE 

-1  .0000 
-0.9635 

68.7 

0.1000 

0.8980 

EDGE 

-0.9262 

88.8 

0.1500 

0.8469 

EDCZ 

-0.8883 

88.9 

0.2000 

0.7959 

EDGE 

-0.8498 

89.1 

0.2500 

0.7449 

EOCE 

-0.8105 

89.2 

0.3000 

0.6939 

EDGE 

-0.7705 

89.4 

0.3500 

0.6429 

EDGE 

-0.7298 

89.6 

0.4000 

0.5918 

EDGE 

-0.6883 

89.8 

0.4500 

0.5408 

eixz 

-0.6461 

90.1 

0.5000 

0.4898 

EDGE 

-0.6031 

90.3 

0.5500 

0.4388 

EDGE 

-0.5593 

90.7 

0.6000 

0.3878 

EDGE 

-0.5U7 

91.) 

0.6500 

0.3367 

ElVZ 

-0.4691 

91.5 

0.7000 

0.2857 

EDGE 

-0.4226 

92.1 

0.75f»0 

0.2347 

Edge 

-0.3751 

92.9 

0.8000 

0.1837 

EDGE 

-0.3263 

93.8 

0.8500 

0.1327 

EDGE 

-0.2762 

95.2 

0.9000 

0.0816 

EDGE 

-0.2241 

97.1 

0.9500 

0.0306 

EDGE 

-0.1691 

100.4 

1.0000 

-0.0204 

EDGE 

-0. 1076 

106.9 

1.0329 

-0.0539 

117.5* 

a/R-i.5 

X/(Y/E) 

S/Y 

THETA 

S/Y 

THETA 

0.0000 

1.0000 

-1 .0000 

0.0500 

0.9556 

EDGE 

-0,9631 

88.9 

0.1000 

0.9111 

vtTQg 

-0.9255 

89.0 

0.1500 

0.8667 

Cl 

-0.8872 

89.2 

0.2000 

0.8222 

EDGE 

-0,8483 

89.3 

0.2500 

0.7778 

EDGE 

-0.8087 

69.4 

0.3000 

0.7333 

EDGE 

-0.7684 

69.6 

0,3500 

0.6889 

EDGE 

-0,7274 

89.8 

0.4000 

0.6444 

EOCE 

-0.6856 

90.0 

0.4500 

0.6000 

EDGE 

-0.6432 

90.2 

0.5000 

0.5556 

EDGE 

-0.5999 

90.5 

0.5500 

0.5111 

EDGE 

-0.5559 

90.8 

0.6000 

0.4665 

180.0 

-0.5111 

91.1 

0.6500 

0.4213 

160.0 

-0.4654 

91.6 

0.7000 

0.3759 

180.0 

-0.4187 

92.1 

0.7500 

0.3305 

180.0 

-0.3711 

92.8 

0.8000 

0.2849 

160.0 

-0.3224 

93.7 

0.8500 

0.2392 

180.0 

-0.2723 

94.9 

0.9000 

0.1933 

180.0 

-0.2205 

96.7 

0.9500 

0.1474 

180.0 

-0. 1662 

99.6 

1.0000 

0.1013 

180.0 

-0.1067 

105.4 

1.0500 

0,0370 

140.8 

-0.0190 

U3.8 

1.0540 

0.0081 

132.1 

Simultaneous  initiation  of  yield  at  edge  and  hole 


TABLE  1 


(Cont) 


•/II-1.6 

X/(Y/E) 
0.0000 
0.0500 
0. lOOO 
0 . 1 500 
0.2000 
0.2500 
0.5000 
0.3500 
0.4000 
0.4500 
0.5000 
0.5500 
0.6000 
0.6500 
0.7000 
0.7500 
0.6000 
0.6500 

0.90r»0 

0.9500 
1 .0000 
1 .0500 
1 .0643 


«/«-l,7 

X/{Y/E) 
0.0000 
0.0500 
0.1000 
0.1500 
0.2000 
0.2500 
0.3000 
0.3500 
0.40UU 
0.45i»0 
0.5000 
0.5500 
0.6000 
0.6500 
0.7u00 
0.75O0 
0.8000 
0.8500 
0 . 9000 
0.9500 
I .0000 
\ .0500 
I .0742 


a/R-1.8 

X/(Y/E> 
0.0000 
0.0500 
O.IOOO 
0.1500 
0.2000 
0.2500 
0.3000 
0.3500 
0.4000 
0 . 4  500 
0.5000 
0.5500 
0 . 6000 
0.6500 
0.7000 
0.7500 
0.8000 
0.8500 
0 . 9000 
0.9500 
1 .0»)00 
I  .0500 
1  .06)5 


S/Y 

THETA 

S/Y 

THETA 

X/(Y/E> 

S/Y 

THETA 

S/Y 

1.0000 

~l .0000 

0.0000 

1.0000 

-1 .0000 

0.9580 

180.0 

-0.9628 

89.1 

0.0500 

0.9606 

180.0 

-0.9623 

0.91 58 

180.0 

-0,9250 

89.2 

0.1000 

0.9209 

180.0 

-0.9241 

0.8734 

180.0 

-0.8865 

89.4 

0.1500 

0.8810 

180.0 

-0.8852 

0.8309 

180.0 

-0.8473 

89.5 

0.2000 

0.8408 

180.0 

-0.8456 

0.7883 

.80.0 

-0.8074 

89.6 

0.2500 

0.8004 

180.0 

-0.8055 

0.7455 

180.0 

-0.7669 

89.8 

0.3000 

0.7598 

180.0 

-0.7647 

0.7026 

180.0 

-0.7257 

89.9 

0.3500 

0.7190 

180.0 

-0.7233 

0.0595 

180.0 

-0.6838 

90. 1 

0.4000 

0.6779 

180.0 

-0.6812 

0.6162 

180.0 

-0.6412 

90.3 

0.4500 

0.6365 

180.0 

-0.6384 

0.5728 

180.0 

-0,5978 

90.5 

0.5000 

0.5949 

180.0 

-0.5950 

0.5292 

180.0 

-0.5537 

90,8 

0.5500 

0.5531 

180.0 

-0.5508 

0.4855 

180.0 

-0.50o7 

91.2 

0.6000 

0.5110 

180.0 

-0.5059 

0.4416 

180.0 

-0.4630 

91.6 

0.6500 

0.4687 

180.0 

-0.4603 

0.3976 

180.0 

-0.4163 

92.0 

0 . 7000 

0.4262 

180.0 

-0.41)9 

0. 3534 

180.0 

-0,3688 

92.7 

0.7500 

0.3833 

180.0 

-0.3667 

0.3091 

180.0 

-0.3201 

93.5 

0.8000 

0.3403 

180.0 

-0.3186 

0.2646 

180.0 

-0.2702 

94.6 

0.8500 

0.2969 

180.0 

-0.2695 

0,2199 

180.0 

-0.2189 

96.2 

0.9000 

0.2533 

180.0 

-0.2193 

0.1751 

180.0 

-0.1653 

98.7 

0.9500 

0.2095 

180.0 

-0.1676 

0.1301 

180.0 

-0.1076 

103.6 

1 .0000 

0.1653 

180.0 

-0.1138 

0.07  30 

148.5 

-0.0344 

116.9 

1 .05*«) 

0.1204 

166.2 

-0.0548 

0.0200 

132.3 

1 .0919 

0.0373 

132.8 

S/Y 

THETA 

S/Y 

THETA 

X/(Y/£) 

S/Y 

THETA 

S/Y 

1.0000 

0.9592 

180.0 

-1,0000 

-0,9626 

89,3 

0.0000 

0.0500 

l.OOOO 

0.9610 

180.0 

-1 .0000 
-/'.9623 

0.9(81 

(80.0 

-0.9246 

89.4 

O.IOOO 

0.9217 

100.0 

-0.9239 

0.8769 

180.0 

>4). 8859 

89.5 

0.1500 

0.8822 

100.0 

-0.8850 

0.8355 

180.0 

-0.8465 

89.6 

0 . 2000 

0.8424 

100.0 

-0.8454 

0.  7939 

180.0 

-0.8066 

89.7 

0.2500 

0.0023 

100.0 

-0.8.i52 

0,7522 

180.0 

-0.7659 

89.9 

0 . 3000 

0.7620 

180.0 

-0.7644 

0.7102 

180.0 

-0,7246 

90.0 

0.3500 

0.7215 

IMO.O 

-0.7229 

0.6681 

180,0 

-0,6825 

9C.2 

0.4000 

0.6806 

100.0 

-0.6808 

0.6258 

180.0 

-0.6398 

90.4 

0.4500 

0.6395 

180.0 

-0.63HI 

0.5831 

180.0 

-0.5964 

90,6 

0.5000 

0.5982 

100.0 

-0.5947 

0.5406 

180.0 

-0.5522 

90,8 

0.55«»0 

0.5565 

100.0 

-0.5506 

0.4977 

(80.0 

-0.5073 

91. I 

0.6000 

0.5146 

100.0 

-0. 5058 

0.4546 

180.0 

-0.4615 

91,5 

0.6500 

0.4725 

100.0 

-0.^-602 

0.4I 14 

180.0 

-0.4149 

91  .9 

0.7000 

0.4300 

100.0 

-0.4140 

0.3679 

160.0 

-0.3674 

92.5 

0.7500 

0.3873 

100.0 

-0.3669 

0.3241 

180.0 

-0.3190 

93,2 

0.81)00 

0.3443 

180.0 

-0.3189 

0. 2804 

180.0 

-0.2694 

94.2 

0.8500 

'.3010 

100.0 

-0.2701 

0.2)64 

180.0 

-0.2184 

95,6 

0.9000 

0.2574 

100.0 

-0.2202 

Q.1922 

180.0 

-0.1655 

97.8 

0.9500 

0.21 36 

100,0 

“0. 1690 

0. 1*77 

180. 0 

-n. 1094 

102.0 

1 .rooo 

0. 1694 

IrtO.O 

1  160 

0.0964 

154.0 

-0.0433 

112.4 

1 .0500 

(1.1749 

'rtO.O 

-0.0590 

0.0277 

132.5 

1 .0993 

0.0377 

.  )  1.0 

S/Y 

THETA 

S/Y 

THETA 

1 .0000 

-1 .0000 

0.9600 

180.0 

-0.9625 

89.4 

0.9197 

180.0 

-0.9243 

89.5 

0.8793 

100.0 

-0.8855 

09.6 

f,.8386 

180.0 

-0.8460 

89.  7 

0.7978 

180.0 

-0,8059 

89.8 

0.7567 

100.0 

-0.7652 

89.9 

0.7154 

180.0 

-0.72)8 

90. 1 

0.6739 

180.0 

-0.681 7 

90.2 

0.6322 

100.0 

-0.6390 

90,4 

0.5902 

180.0 

-0.5955 

90.6 

0.5481 

180.0 

-0.5513 

90.8 

0.5057 

180. 0 

-0.5064 

91 . 1 

0.4631 

100.0 

-<).*607 

91.4 

0.4203 

180.0 

-4).  4 142 

91 .8 

0.3771 

180.0 

-0.3668 

92.1 

0. 3)40 

100.0 

-0.3185 

92.9 

0.2905 

180.0 

-0.2692 

93.8 

0. 2468 

100.0 

-0.2186 

95.0 

0.2028 

180.0 

-0.1664 

97.0 

0.1586 

180.0 

-0.1116 

10<J.5 

0.1114 

159.5 

-0.0497 

109,0 

0.0)51 

112.6 

X/(Y/E) 

S/Y 

theta 

5/Y 

0.0000 

i.ruvM} 

-1 .0000 

0.0500 

0.9613 

180.0 

-0.9622 

O.IOOO 

0.9223 

180.0 

-0.9238 

0.1500 

O.M83I 

IHO.O 

-0.8848 

0 . 2000 

0.8435 

180.0 

-0.8452 

0.2500 

0.8037 

180.0 

-0.8050 

0.3000 

0.7636 

I8Q.0 

-0.7642 

0.3500 

0.7232 

180.0 

-0.7227 

0.4000 

0.6026 

180.0 

-0.6806 

0.4500 

0.6416 

IflO.O 

-0.6379 

0.5000 

0.6004 

)8(i.O 

-0.5946 

0,5500 

0,5589 

180.0 

-0.5505 

0.600'' 

0.5171 

180.0 

.5058 

0.6500 

0.4750 

180.0 

•■»).4603 

0.7000 

0.4326 

180.0 

-0.4142 

0.7500 

0.3899 

IHO.O 

-0. 3672 

0.8000 

0.3469 

100. 0 

-0.3195 

0.0500 

0.  30  36 

100.0 

-0.2709 

0.9000 

0.2599 

100.0 

-0.2212 

0.9500 

0.2160 

180. 0 

-0.1705 

1 .0000 

0.1717 

IHO.O 

-0. IIRO 

1 .0500 

0.1271 

180.0 

-0.0625 

I.IUOO 

0.0676 

145.1 

0.0106 

1.1058 

0.0396 

133.1 

THETA 

89.5 

69.6 

89.7 

69.8 

89.9 
90.0 

90. 1 

90.2 
90.4 

90.6 
90.8 
91.0 

91.3 

91.6 

92.1 

92.6 

93.4 

94.5 

96.2 

99.3 
106.  3 


THETA 

89.6 
89.  7 

89.8 

89.6 

89.9 
90.0 

90. 1 

90.2 

90.4 

90.5 

90.7 

90.9 

91.2 

91.5 
9)  .9 
92.4 

93.1 
94.0 

95.6 

94.2 
104.1 


THETA 

89.7 

89.7 

89. 8 

89.9 

89.9 
90.0 
90.  I 
90.2 

90.4 

90.5 
90.  7 

90.9 

91.1 
91.4 

91.7 

92.2 

92.8 
9). 6 
95.0 

97.3 

102.3 

121.3 


TABLE  1:  (Cont) 


X/(Y/E) 

S/Y 

THETA 

S/Y 

THETA 

0.0000 

1.0000 

-1 .0000 

O.OSOO 

0.9615 

180.0 

-0.9622 

89.7 

O.IOOO 

0.9228 

180.0 

-0.9237 

89.8 

0.1500 

0.8837 

180.0 

-0.6847 

89.8 

0.2000 

0.8443 

180.0 

-0.8451 

89.9 

0.2500 

0.8047 

180.0 

-0.8049 

90.0 

0.3000 

0.7647 

180.0 

-0.7640 

90.0 

0.3500 

0.7245 

180.0 

-0.7226 

90. 1 

0.4000 

0.6839 

180.0 

-0.6806 

90.2 

0.4500 

0.6<'31 

180.0 

-0.6379 

90.3 

0.5000 

0.6019 

180.0 

-0.5946 

90.5 

0.5500 

0.5605 

180.0 

-0.5506 

90.6 

0.6000 

0.5187 

180.0 

-0.5059 

90.8 

0.6500 

0.4766 

180.0 

-0.4606 

91.0 

0.7000 

0.4342 

180.0 

-0.4145 

91.2 

0.7500 

0.3915 

180.0 

-0.3677 

91.6 

0.8000 

0.3485 

180.0 

-0.3201 

92.0 

0.8500 

0.3051 

180.0 

-0.2717 

92.5 

0.9000 

0.2614 

180.0 

-0.2223 

93.3 

0.9500 

0.2173 

180.0 

-0.1719 

94.4 

1.0000 

0.1729 

180.0 

-0.1200 

96.5 

1 .0500 

0. 1282 

180.0 

-0.0656 

100.8 

I.IOOO 

0.0766 

151.5 

O.OOQI 

116.1 

1.1115 

0.0404 

133.2 

«/l*2.3 

X/(Y/E) 

8/Y 

THETA 

S/Y 

THETA 

0.0000 

0.0500 

1.0000 

0.9617 

180.0 

-1.0000 

-0.9621 

89.8 

0.1000 

0.9231 

180.0 

-0.  9237 

89.8 

0.1500 

0.8842 

180.0 

•0.8846 

89.9 

0.2000 

0.8450 

180.0 

-0.8450 

69.9 

0.2500 

0.8054 

180.0 

-0.8048 

90.0 

0.3000 

0.7656 

18O.0 

-0.7640 

90.1 

0.3500 

0.7254 

180.0 

-0.7226 

90.1 

0.4000 

0.6849 

I8O.0 

-0.6805 

90.2 

0.4500 

0.6441 

180.0 

-0.6379 

90.3 

0.5000 

0.6030 

180.0 

-0.5946 

90.4 

0.5500 

0.5616 

180.0 

-0.5507 

90.6 

0.6000 

0.5198 

180.0 

-0.5062 

90.7 

0.6500 

0.4777 

180.0 

-0.4609 

90.9 

0.7000 

0.4153 

180.0 

-0.4150 

91.1 

0.7500 

0.3925 

180.0 

-0.3683 

91.4 

0.8000 

0.3494 

180.0 

-0.3208 

91.8 

0.8500 

0.3059 

180.0 

-0.2726 

92.3 

0.9000 

0.2621 

180.0 

-0.2235 

92.9 

0.9500 

0.2179 

180.0 

-0,1733 

94.0 

1.0000 

0.1734 

180.0 

-0.1219 

95.8 

1.0500 

0.1285 

180.0 

-0.0683 

99.5 

1.1000 

0.0808 

157.4 

-0,0067 

112.4 

1.1164 

0.0375 

133.4 

•/R«2.4 

X/(Y/E) 

S/Y 

THETA 

S/Y 

THETA 

0.0000 

0.0500 

1.0000 

0.9618 

180.0 

-1.0000 

-0.9621 

89.8 

0.1000 

0.9234 

180.0 

-0.9236 

89.8 

0.1500 

0.8645 

180.0 

-0.8846 

89.9 

0.2000 

0.8454 

180.0 

-0.8450 

89.9 

0.2500 

0.8060 

180.0 

-0.8048 

90,0 

0.3000 

0.7662 

180.0 

-0.7640 

90.1 

0.3500 

0.7261 

180.0 

-0.7226 

90.1 

0.4000 

0.6856 

180.0 

-0.6806 

90.2 

0.4500 

0.6449 

180.0 

-0.6380 

90.5 

0.5000 

0.6036 

180.0 

-0.5948 

90,4 

0.5500 

0.5623 

180.0 

-0.5509 

90,5 

0.6000 

0.5205 

180.0 

-0.5064 

90.7 

0.6500 

0.4784 

180.0 

-0.4613 

90.8 

0.7000 

0.4359 

180.0 

-0.4154 

91.0 

0.7500 

0.3931 

180.0 

-0.3689 

91.3 

0.6000 

0.3499 

180.0 

-0.3216 

91.6 

0.8500 

0.3063 

180.0 

-0.2735 

92.0 

0.9000 

0.2624 

180.0 

-0.2245 

92.7 

0.9500 

0.2181 

180.0 

-O.P47 

93.6 

1.0000 

0.1734 

180.0 

-0.1236 

95.2 

1  .0500 

0.1283 

180.0 

-0.0707 

96.5 

I.IOOO 

0.0822 

164.2 

-0.0118 

109.4 

1.1207 

0.0369 

133.5 

•/R-2.5 


X/(Y/E) 

S/Y 

THETA 

S/Y 

THETA 

0.0000 

l.OOOO 

-1 .oooa 

0.0500 

0.9619 

180.0 

-0.9621 

89.8 

0.1000 

0.92 36 

180.0 

-0.92 36 

89. 9 

0.1500 

0.8848 

180.0 

-0.8846 

89.9 

0.2000 

0.6458 

180.0 

-0.8449 

90.0 

0.2500 

0.8064 

180.0 

-0.8048 

90.0 

0.3000 

0.7666 

180.0 

-0  .  7640 

90.1 

0.3500 

0.7266 

180.0 

-0.7226 

90.1 

0.4000 

0.6861 

180.0 

-0.6807 

90.2 

0.4500 

0.6454 

180.0 

-0.6381 

90.3 

0.5000 

0.6043 

180.0 

-0.5950 

90.4 

0.5500 

0.5628 

180.0 

-0.5512 

90.5 

0.6000 

0.5210 

180.0 

-0.5057 

90.6 

0.6500 

0.4788 

180.0 

-0.4617 

90.8 

0.7000 

0.4363 

180.0 

-0.4159 

90.9 

0.7500 

0.3934 

160.0 

-0.3695 

91.2 

0.8000 

0.3501 

180.0 

-0.3223 

91.5 

0.6500 

0.3064 

180.0 

-0.2744 

91.9 

0.9000 

0.2624 

180.0 

-0.22S6 

92.4 

0.9500 

0.2179 

180.0 

-0.1760 

93.2 

1.0000 

0.1731 

180.0 

-0.1252 

94.6 

1 .0500 

0.1278 

180.0 

-0.0728 

97.6 

1.1000 

0.0821 

176.4 

-0.0158 

107.0 

1.1244 

0.0i59 

133.6 

•/R-2.6 

X/(Y/E) 

S/Y 

THETA 

S/Y 

THETA 

0.0000 

0.0500 

1.0000 

0.9620 

180.0 

-l.OOOO 

-0.9621 

89.8 

0.1000 

0.9237 

180.0 

-0.9236 

89.9 

0.1500 

0.8850 

180.0 

-0.8844 

89.9 

0.2000 

0.8460 

180.0 

-0.8449 

90,0 

0.2500 

0.B067 

180.0 

-0.8048 

90.0 

0.3000 

0.7670 

180.0 

-0.7640 

90. 1 

0.3500 

0.7269 

160.0 

-0.7227 

90.1 

0 . 4000 

0.6865 

160.0 

-0.6608 

90.2 

0.4500 

0.6457 

180.0 

-0.6383 

90.3 

0.5000 

0.6046 

160.0 

-0.5952 

90.3 

0.5500 

0.5631 

180.0 

-0.5514 

90.4 

0.6000 

0.521) 

180. 0 

-0.5071 

90.6 

0.6500 

0.4790 

180.0 

-0.4621 

90.7 

0.7000 

0.4364 

IBO.O 

-0.4164 

90.9 

0.7500 

0.3934 

180.0 

-0.3701 

91.1 

0.8000 

0,3501 

180.0 

-0.3230 

91.3 

0.8500 

0.3063 

180.0 

-0.2752 

91.7 

0.9000 

0.2621 

180.0 

-0.2266 

92.2 

0.9500 

0.2175 

180.0 

-0.1772 

92.9 

1.0000 

0.1725 

180.0 

-0.1267 

94.2 

1.0500 

0.1271 

180.0 

-0.0748 

96.8 

1 . 1000 

0.0812 

180.0 

-0.0191 

105.1 

1.1276 

0.0344 

133.7 

•/it-2.7 


X/(Y/E) 

S/Y 

THETA 

S/Y 

THETA 

0.0000 

1.0000 

-1.0000 

0.0500 

0.9621 

180.0 

-0.9621 

89.9 

0.1000 

0.9238 

180.0 

-0.9236 

89.9 

0.1500 

0.6852 

180.0 

-0.8846 

89.9 

0.2000 

0.8462 

IBO.O 

-0.8450 

90.0 

0.2500 

0.8069 

180.0 

-0.8048 

90.0 

0.3000 

0.7672 

IBO.O 

-0.7641 

90.1 

0.3500 

0.7272 

180.0 

-0.7228 

90. 1 

0.4000 

0.6667 

180.0 

-0.6809 

90.2 

0.4500 

0.6460 

IBO.O 

-0.6384 

90.2 

0.5000 

0.6048 

IBO.O 

-0.5954 

90.3 

0.5500 

0.5633 

180.0 

-0.5517 

90.4 

0.6000 

0.5214 

160.0 

-0.5074 

90.5 

0.6500 

0.4791 

180.0 

-0.4625 

90.6 

0.7000 

0.4364 

180.0 

-0.4169 

90.8 

0.7500 

0.3934 

IBO.O 

-0.3707 

91 .0 

0.8000 

0. 3499 

160.0 

-0.323/ 

91.2 

0.6500 

0.3060 

180.0 

-0.2/61 

91.5 

0.9000 

0.2616 

180.0 

-0.22/6 

92.0 

0.9500 

0.21/0 

180.0 

-0.1/81 

92.7 

l.OOOO 

0.1719 

180.0 

-0.1281 

93.6 

1.0500 

0. 1263 

180.0 

-0.0/65 

96.1 

1.1000 

0.0803 

180.0 

-0.0219 

103.4 

1.1304 

0.0126 

133.8 

TABLE  1:  (Cont) 


•/R-2.8 


A/ll-3.1 


X/(Y/E) 

0.0000 

O.OSOO 

0.1000 

O.ISOO 

0.2000 

0.2S00 

0.3000 

0.3300 

0.4000 

0.4300 

0.3000 

0.3300 

0.6000 

0.6300 

0.7000 

0.7300 

0.8000 

0.8300 

0.9000 

0.9300 

1.0000 

1.0300 

1,1000 

1.1329 


S/Y 

THETA 

S/Y 

1.0000 

-1.0000 

0.9621 

180.0 

-0.9621 

0.9239 

180.0 

-0.9236 

0.8833 

180.0 

-0.8846 

0.8464 

180.0 

-0.8430 

0.8071 

180.0 

-0.8048 

0.7674 

180.0 

-0.7641 

0.7273 

180.0 

-0.7229 

0.6869 

180.0 

-0.6810 

0.6461 

180.0 

-0.6386 

0.6049 

180.0 

-0.5956 

0.3634 

180.0 

-0.5520 

0.3214 

180.0 

-0.5077 

0.4791 

180.0 

-0.4629 

0.4364 

160.0 

-0.4174 

0.3932 

180.0 

-0.3712 

0.3497 

180.0 

-0.3244 

0.3057 

180.0 

-0.27G8 

0.2613 

180.0 

-0.2263 

0.2163 

180.0 

-0.1794 

0.1712 

180.0 

-0.1294 

0.1234 

160.0 

-0.0781 

0.0792 

180.0 

-0.0243 

0.0336 

133.8 

THETA 

X/(Y/E) 

0.0000 

89.9 

0.0300 

89.9 

0.1000 

89.9 

0.1300 

90.0 

0.2000 

90.0 

0.2300 

90. 1 

0.3000 

90.1 

0.3300 

90.2 

0.4000 

90.2 

0.4300 

90.3 

0.3000 

90.4 

0.3300 

90.3 

0.6000 

90.6 

0.6300 

90.7 

0.7000 

90.9 

0.7300 

91.1 

o.eooo 

91.4 

0.8300 

91.6 

0.9000 

92.4 

0.9300 

93.4 

1.0000 

95.3 

1 .0300 

102.0 

1.1000 

1.1386 

S/Y  THET4 

1.0000 

0.9622  180.0 
0.9241  180.0 
0.8836  180.0 
0.8467  180.0 
0.8074  180.0 
0.7677  180.0 
0.7276  180.0 
0.6871  180.0 
0.6462  180.0 
0.6030  180.0 
0.3633  180.0 
0.3212  180.0 
0.4787  180.0 
0.4358  180.0 
0.3924  180.0 
0.3486  180.0 
0.3044  180.0 
0.2397  180.0 
0.2146  180.0 
0.1689  180.0 
0.1228  180.0 
0.0761  180.0 
0.0296  134.0 


S/Y  THETA 
H .0000 

-0.9621  89.9 
-0.9236  89.9 
-0.8846  90.0 
-0.8431  90.0 
-0.8050  90.0 
-0.7643  90.1 
“0.7232  90.1 
-0.6814  90.1 
-0.6391  90.2 
-0.3962  90.2 
-0.3328  90.3 
-0.3087  90.4 
-0.4640  90.5 
-0.4188  90.6 
-0.3728  90.7 
-0.3262  90.9 
-0.2790  91.1 
-0.2310  91.4 
-0.1823  91.8 
-0.1327  92.6 
-0.0821  94.2 
-0.0298  98.8 


«/R«2.9 

X/(Y/B) 

S/Y 

THETA 

S/Y 

THETA 

•/R-3,2 

X/(Y/E) 

S/Y 

THRTA 

S/Y 

THETA 

0.0000 

0.0300 

1.0000 

0.9622 

180.0 

-1.0000 

-0.9621 

89.9 

0.0000 

0.03£»0 

l.OOOO 

0. 9623 

180.0 

-1  .00t)0 
-0.9621 

89.9 

0.1000 

0.9240 

180.0 

-0.9236 

89.9 

0.1000 

0.9241 

180.0 

-0.9236 

89.9 

0.1300 

0.8834 

180.0 

-0.8846 

90.0 

0.1300 

0.8836 

180.0 

-0.8846 

90.0 

0.2000 

0.8463 

180.0 

-0.8430 

90.0 

0.2000 

0.8467 

180.0 

-0.8451 

90.0 

0.2300 

0.8072 

180.0 

-0.8049 

90.0 

0.230«J 

0.8074 

180.0 

-0.8050 

90.0 

0.3000 

0.7673 

180.0 

-0.7642 

90.1 

0.3U00 

0.7677 

ISO.O 

-0.7644 

90. 1 

0.3500 

0.7275 

180.0 

-0.7230 

90.1 

0.3300 

0.7276 

100.0 

-0.7233 

90. 1 

0.4000 

0.6870 

180.0 

-0.6612 

90.2 

0.4000 

0.6871 

180.0 

-0.6816 

90. 1 

0.4300 

0.6462 

180.0 

-0.6388 

90.2 

0.4300 

0.6462 

180,0 

-0.6393 

90.2 

0.3000 

0.6030 

180.0 

-0.5958 

90.3 

0.3000 

0.6049 

C80.0 

-0.5964 

90.2 

0.3300 

0.3634 

180.0 

-0.5522 

90.3 

0.5300 

0.3632 

180.0 

-0.55)0 

90.3 

0.6000 

0.3214 

180.0 

-0.5081 

90.4 

0.6000 

0.3211 

180.0 

-0.5090 

90.  3 

0.6300 

0.4790 

160.0 

-0.4633 

90.5 

0.6300 

0.4785 

180.0 

-0.4644 

90.4 

0.7000 

0.4362 

180.0 

-0.4179 

90.7 

0.7000 

0.4336 

180.0 

-0.4192 

90.5 

0.7500 

0.3930 

180.0 

-0.3718 

90.8 

0.7300 

0.3921 

180.0 

-0.37)3 

90.6 

0.8000 

0.3494 

180.0 

-0.3250 

91.0 

o.eooo 

0.3483 

180.0 

-0.3268 

90.8 

0.6300 

0.3033 

180.0 

-0.2776 

91.3 

0.8300 

0.3040 

180.0 

-0,2796 

91.0 

0.9000 

0.2608 

180.0 

-0.2294 

91.7 

0.9000 

0.2392 

180.0 

-0.2317 

91.) 

0.9300 

0.2138 

180.0 

-0.1804 

92.2 

0.9300 

0.21 39 

180.0 

“0. 18)1 

91.7 

1.0000 

0.1704 

180.0 

-0.1306 

93.1 

1.0000 

0.1682 

180.0 

-0.1)36 

92.4 

1.0300 

0.1243 

180.0 

-0.0796 

95.0 

1.0300 

0.1219 

IBO.O 

-0.0833 

93.8 

1.1000 

0.0782 

180.0 

-0.0264 

100.8 

I.IOOO 

0.0732 

180.0 

-0.0313 

98.0 

1.1330 

0.0314 

133.9 

I.UOl 

0.0270 

134.1 

4/S-3.0 


X/(Y/E) 

S/Y 

THETA 

S/Y 

THETA 

0.0000 

1.0000 

-1.0000 

0.0300 

0.9622 

180.0 

-0.9621 

89.9 

0.1000 

0.9240 

180.0 

-0.9236 

89.9 

0.1300 

0.8833 

180.0 

-0.8846 

90.0 

0.2000 

0.8466 

180.0 

-0.8430 

90.0 

0.2300 

0.8073 

180.0 

-0.8049 

90.0 

0.3000 

0.7676 

180.0 

-0.7643 

90.1 

0.3300 

0.7275 

180.0 

-0.7231 

90.1 

0.4000 

0.6871 

160.0 

-0.6813 

90.1 

0.4300 

0.6462 

180.0 

-0.6389 

90.2 

0.3000 

0.6030 

180.0 

-0.5960 

90.3 

0.3300 

0.3634 

180.0 

-0.5525 

90.3 

0.6000 

0.3213 

180.0 

-0.5084 

90.4 

0.6300 

0.4789 

180.0 

-0.4637 

90.5 

0.7000 

0.4360 

180.0 

-0.4183 

90.6 

0.7300 

0.3927 

160.0 

-0.3723 

90.7 

0.6000 

0.3490 

180.0 

-0.3257 

90.9 

0.8300 

0.3049 

180.0 

-0,2783 

91.2 

0.9000 

0.2603 

160.0 

-0.2302 

91.3 

0.9300 

0.2132 

180.0 

-0.1614 

92.0 

1.0000 

0.1697 

180.0 

-O.I3I7 

92.9 

1.0300 

0.1237 

160.0 

-0.0809 

94.6 

1.1600 

0.0772 

180.0 

-0.0282 

99.7 

J.)369 

0.0291 

134.0 

X/(Y/E) 

S/Y 

theta 

S/Y 

THETA 

0.0000 

0.0300 

1.0000 

0.962) 

180.0 

-1.0000 

-0.9621 

89.9 

0.1000 

0.9242 

IBO.O 

-0.92)6 

90. 0 

0.1300 

0.8836 

>80.0 

-0.8846 

90.0 

0.2000 

0.8467 

180.0 

-0.8451 

90.0 

0.2300 

0.8074 

180.0 

-0.8051 

90.0 

0.3000 

0.7677 

iSO.O 

-0.7643 

90.1 

0,3300 

0.7276 

180.0 

-0.7234 

90. 1 

0.4000 

0.6871 

180.0 

-0.6817 

90. 1 

0.4300 

0.6462 

UU.O 

-0.6394 

90.2 

0.3000 

0.6049 

180.0 

-0.3966 

90.2 

0.5300 

0.36)1 

180.0 

-0.353) 

90.3 

0.6000 

0.3209 

180.0 

-0.3093 

90.3 

0.6300 

0.4783 

180.0 

-0.4647 

90.4 

0.7000 

0.4133 

IBO.O 

-0.4196 

90.3 

0.7300 

0.3918 

180.0 

-0.37)8 

90.6 

0.8000 

0.3479 

180.0 

-0.3273 

90.7 

0.8300 

0.3033 

180.0 

-0.2802 

90.9 

0.9000 

0.2386 

180.0 

-0.2324 

91.2 

0.9300 

0.2133 

180.0 

-0.1839 

91.6 

1.0000 

0. 1673 

180.0 

-0.1343 

92.2 

1.0300 

0.1211 

180.0 

-0.0843 

93.5 

I.IOOO 

0.0742 

180.0 

-0.0326 

97.3 

1.1414 

0.0244 

134.2 

TABLE  1:  (Cont) 


■  /U3.4 


k/(Y/B> 

S/Y 

THETA 

S/Y 

TICTA 

0.0000 

1.0000 

xl.OOOO 

o.osoo 

0.9623 

180.0 

H>.9621 

89.9 

0.1000 

0.9242 

180.0 

^.9236 

90.0 

o.isoo 

0.8857 

180.0 

>0.8847 

90.0 

0.2000 

0.8468 

180.0 

^.8452 

90.0 

0.2S00 

0.8075 

180.0 

*0.8051 

90.0 

0.3000 

0.7677 

180.0 

•O. 7646 

90.0 

0.3500 

0.7276 

180.0 

>0.7235 

90.1 

0.4000 

0.6871 

180.0 

>0.6818 

90.1 

0.4500 

0.6461 

180.0 

>0.6396 

90.1 

0.5000 

0.6048 

180.0 

>0.5968 

90.2 

O.SSOO 

0.5630 

180.0 

>0.5535 

90.2 

0.6000 

0.5208 

180.0 

>0.5096 

90.3 

0.6500 

0.4781 

180.0 

-0.4651 

90.4 

0.7000 

0.4351 

180.0 

-0.4199 

90.4 

0.7500 

0.3915 

180.0 

•0.3742 

90.5 

0.6000 

0.3475 

180.0 

-0. 3278 

90.7 

0.8500 

0.3031 

180.0 

-0.2808 

90.8 

0.9000 

0.2581 

180.0 

-0.2330 

91.1 

0.9500 

0.2127 

180.0 

-0.1846 

91.4 

1.0000 

0.1668 

180.0 

-0.1354 

92.0 

1.0500 

0.1203 

180.0 

-0.0853 

93.2 

1.1000 

0.0733 

180.0 

-0.0338 

96.7 

1.1425 

0.0246 

134.2 

X/(Y/E) 

S/Y 

THETA 

S/Y 

THETA 

0.0000 

1.0000 

-1.0000 

0.0500 

0.9623 

180.0 

>0.9621 

89.9 

0.1000 

0.9242 

180.0 

-0.9237 

90.0 

0.1500 

0.8857 

180.0 

-0.8847 

90.0 

0.2000 

0.8468 

180.0 

>0.8452 

90.0 

0.2500 

0.8075 

180.0 

-0.8052 

90.0 

0.3000 

0.7677 

180.0 

-0.7646 

90.0 

0.3500 

0.7276 

180.0 

*0.7236 

90.1 

0.4000 

0.6871 

180.0 

-0.6819 

90.1 

0.4500 

0.6461 

180.0 

-0.6397 

90.1 

0.5000 

0.6047 

180.0 

-0.5970 

90.2 

0.5500 

0.5629 

180.0 

-0.5537 

90.2 

0.6000 

0.5206 

180.0 

-0.5098 

90.3 

0.6500 

0.4779 

180.0 

-0.4654 

90.3 

0.7000 

0.4348 

180.0 

•0.4203 

90.4 

0.7500 

0.3912 

180.0 

-0.3746 

90.5 

0.8000 

0.3472 

180.0 

-0.3283 

90.6 

0.8500 

0.3026 

180.0 

-0.2813 

90.8 

0.3000 

0.2576 

180.0 

-0.2336 

91.0 

0.9500 

0.2121 

180.0 

-0.1853 

91.3 

1.0000 

0.1661 

180.0 

-0.1361 

91.9 

1.0500 

0.1196 

180.0 

-0.0861 

93.0 

1.1000 

0.0725 

180.0 

-0.0349 

96.2 

1.1435 

0.0219 

134.3 

•/K-3.6 


K/(Y/E) 

S/Y 

THETA 

S/Y 

THETA 

0.0000 

1.0000 

-1.0000 

0.0500 

0.9623 

180.0 

-0.9621 

90.0 

0.1000 

0.9242 

180.0 

-0.9237 

90.0 

0.1500 

0.8857 

180.0 

-0.8847 

90.0 

0.2000 

0.8468 

180.0 

-0.8452 

90.0 

0.2500 

0.8075 

180.0 

-0.8052 

90,0 

0.3000 

0.7677 

180.0 

-0.7647 

90.0 

0.3500 

0.7276 

180.0 

-0.7236 

90.1 

0.4000 

0.6870 

180.0 

>4.6820 

90.1 

0.4500 

0.6460 

180.0 

-0.6399 

90.1 

0.5000 

0.6046 

180.0 

-0.5972 

90.2 

0.5500 

0.5628 

180.0 

-0.5539 

90.2 

0.6000 

0.5205 

180.0 

-0.5101 

90.3 

0.6500 

0.4777 

180.0 

-0.4656 

90.3 

0.7000 

0.4346 

180.0 

-0.4206 

90.4 

0.7500 

0.3909 

180.0 

-0.3750 

90.5 

0.8000 

0.3468 

180.0 

-0.3287 

90.6 

0.8500 

0.3022 

180.0 

-0.2818 

90.7 

0.9000 

0.2571 

180.0 

-0.2342 

90.9 

0.9500 

0.2116 

180.0 

>0.1859 

91.2 

1.0000 

0.1655 

180.0 

-0.1  H6 

91.7 

1.0500 

0.1189 

180.0 

-0.0870 

92.7 

1.1000 

0.0717 

160.0 

>0.0159 

95.7 

1.1445 

0.0220 

134.3 

•/R-3.7 

W(Y/E) 

S/Y 

THETA 

S/Y 

THETA 

0.0000 

O.OSOO 

1.0000 

0.9623 

180.0 

-1 .0000 
-0.9621 

90.0 

0.1000 

0.9242 

180.0 

-0.9237 

90.0 

0.1500 

0.8857 

180.0 

-0.8847 

90.0 

0.2000 

0.8468 

180.0 

-0.8453 

90.0 

0.2500 

0.8075 

IBO.O 

-0.6053 

90.0 

0.3000 

0.7677 

180.0 

-0.7648 

90.0 

0.3500 

0.7276 

180.0 

-0.7237 

90. 1 

0.4000 

0.6870 

180.0 

-0.6822 

90. 1 

0.4500 

0.6460 

180.0 

-0.6400 

90.1 

0.5000 

0.6045 

180.0 

-0.5974 

90.2 

0.5500 

0.5626 

180.0 

-0.5541 

90.2 

0.6000 

0.5203 

180.0 

-0.5103 

90.2 

0.6500 

0.4775 

160.0 

-0.4659 

90.3 

0.7000 

0.4343 

180.0 

-0.4209 

90.4 

0.7500 

0.3906 

180.0 

-0.3753 

90.4 

0.8000 

0.3465 

160.0 

-0.  3291 

90.5 

0.8500 

0.3018 

180.0 

-0.2823 

90.7 

0.9000 

0.2567 

180.0 

-0.2347 

90.9 

0.9500 

0.2110 

180.0 

-0.1865 

91.1 

1.0000 

0.1649 

180.0 

-0.1375 

91 .6 

1.0500 

0.1182 

180.0 

-0.0877 

92.5 

1.1000 

0.0709 

180.0 

-0.0369 

95.2 

1.1453 

0.0222 

134.3 

A/(Y/B) 

S/Y 

THETA 

S/Y 

THETA 

0.0000 

1.0000 

-I.OOOO 

0.0500 

0.9623 

180.0 

-0.9621 

90.0 

0.1000 

0.9242 

160.0 

-0.9237 

90.0 

0,i500 

0.8857 

180.0 

-0.8848 

90.0 

0.2000 

0.8468 

180.0 

-0.8453 

90.0 

0.2500 

0.8075 

180.0 

-0.8053 

90.0 

0.3000 

0.7677 

180.0 

-0.7648 

90.0 

0.3500 

0.7275 

180.0 

-0.7236 

90.1 

0.4000 

0.6869 

180.0 

-0.6823 

90.1 

0.4500 

0.6459 

180.0 

-0.6402 

90.1 

0.5000 

0.6044 

180.0 

*0.5975 

90.1 

0.5500 

0.5625 

180.0 

-0.5543 

90.2 

0.6000 

0.5202 

180.0 

-0.5105 

90.2 

0.6500 

0.4774 

180.0 

-0.4662 

90.3 

0.7000 

0.4341 

160.0 

-0.4212 

90.3 

0.7500 

0.3904 

180.0 

-0.3757 

90.4 

0.8000 

0.3461 

180.0 

-0.3295 

90.5 

0.8500 

0.3014 

180.0 

-0.2827 

90.6 

0.9000 

0.2562 

180.0 

-0.2352 

90.8 

0.9500 

0.2105 

180.0 

-0.1870 

91.1 

i.OOOO 

0.1643 

180.0 

-0.1381 

91.5 

1.0500 

0.1175 

180.0 

-0.0885 

92.3 

1.1000 

0.0702 

180.0 

-0.0377 

94.8 

1.1460 

0.019) 

134.4 

•/II-3.9 


A/(Y/E) 

S/Y 

THETA 

S/Y 

THETA 

0.0000 

1.0000 

-1.0000 

0.0500 

0.9623 

180.0 

-0.9621 

90.0 

0.1000 

0.9242 

180.0 

-0.9237 

90.0 

0.1500 

0.6857 

180.0 

-0.8848 

90.0 

0.2000 

0.8468 

180.0 

-0.8453 

90.0 

0.2500 

0.8075 

160.0 

-0.8054 

90.0 

0.3000 

0.7677 

180.0 

-0.7649 

90.0 

0.3500 

0.7275 

180.0 

-0.7239 

90.1 

0.4000 

0.6869 

180.0 

-0.6824 

90.1 

0.4500 

0.6456 

180.0 

-0.6403 

90. 1 

0.5000 

0.6043 

180.0 

-0.5977 

90.1 

0.5500 

0.5624 

180.0 

-0.5545 

90.2 

0.6000 

0.5200 

180.0 

-0.5107 

90.2 

0.6500 

0.4772 

180.0 

-0.4664 

90.2 

0.7000 

0.4339 

180.0 

-0.4215 

90.  3 

0.7500 

0.3901 

180.0 

-0.3760 

90.4 

0.8000 

0.1458 

180.0 

-0.3299 

90.5 

0.8500 

0.3011 

180.0 

-0.2831 

90.6 

0.9000 

0.2558 

180.0 

-0.2357 

90.7 

0.9500 

0.2101 

180.0 

-0.1876 

91.0 

1.0000 

0.1638 

IIO.O 

-0. 1387 

91.4 

1.0500 

0.1169 

180.0 

-0.0891 

92.2 

1.1000 

0.0695 

180.0 

-0.0385 

94.5 

1.1467 

0.0194 

134.4 

TABLE  1;  (Cont) 


*/»•*. 0 


X/(Y/E) 

S/Y 

TIIETA 

S/Y 

THETA 

0.0000 

1.0000 

►1 .0000 

0.0500 

0.9623 

180.0 

-0.9621 

90.0 

0.1000 

0.9242 

180.0 

-0.9237 

90.0 

0.1500 

0.8857 

180.0 

-0.8848 

90.0 

0.2000 

0.8468 

180.0 

-0.8454 

90.0 

0.2500 

0.8074 

180.0 

-0,8054 

90.0 

0.3000 

0.7677 

180.0 

-0.7650 

90.0 

0.3500 

0.7275 

180.0 

-0.724Q 

90. 1 

0.4000 

0.6868 

180.0 

-0.6825 

90.1 

0.4500 

0.6457 

180.0 

-0.6404 

90.1 

0.5000 

0.6042 

180.0 

-0.5978 

90.1 

0.5500 

0.5623 

180.0 

-0.5547 

90.2 

0.6000 

0.5199 

180.0 

-0.5109 

90.2 

0.6500 

0.4770 

180.0 

-0.4666 

90.2 

0.7000 

0.4336 

180.0 

-0.4218 

90.3 

0.7500 

0.3898 

180.0 

-0.3763 

90.3 

0.8000 

0.3455 

180.0 

-0.3302 

90.4 

0.8500 

0. 3007 

180.0 

-0.2835 

90.5 

0.9000 

0.2554 

180.0 

-0.2361 

90.7 

0.9500 

0.2096 

180.0 

-0. 1881 

90.9 

1.0000 

0.1633 

180.0 

-0.1393 

91.3 

1.0500 

0.1163 

180.0 

-0.0898 

92.0 

1.1000 

0.0689 

180.0 

-0.0393 

94.2 

1.1473 

0.0194 

134.4 

8/M4.2 


4/(Y/e) 

S/Y 

THETA 

S/Y 

THETA 

0.0000 

1.0000 

-l.OOOO 

0.0500 

0.9623 

180.0 

-0.9621 

90,0 

0.1000 

0.9242 

160.0 

-0.9237 

90.0 

0.1500 

0.8857 

180.0 

-0.8848 

90.0 

0.2000 

0.8468 

180.0 

-0.8454 

90,0 

0.2500 

0.8074 

180.0 

-0,8055 

90.0 

0.3000 

0.7676 

160.0 

-0.7651 

90.0 

0,3500 

0.7274 

180.0 

-0,7241 

90.0 

0.4000 

0.6867 

180.0 

-0.6826 

90.1 

0.4500 

0.6456 

180.0 

-0.6406 

90.1 

0.5000 

0.6040 

180.0 

-0.5981 

90,1 

0.5500 

0.5620 

160.0 

-0.5550 

90. 1 

0.6000 

0.5196 

180.0 

-0.5U3 

90.2 

0.6500 

0.4766 

180.0 

-0.4671 

90,2 

0.7000 

0.4332 

180.0 

-0.4223 

90.2 

0.7500 

0.3893 

180.0 

-0. 3769 

90.3 

0.8000 

0.3450 

180.0 

-0.3308 

90,4 

0.8500 

0.3001 

180.0 

-0.2842 

90.5 

0.9000 

0.2547 

180.0 

-0.2369 

90.6 

0.9500 

0.2088 

160.0 

-0. 1890 

90.8 

1  .0000 

0.1623 

180.0 

-0,1401 

91. 1 

1.0500 

0.1153 

180.0 

-0.0909 

91.8 

1.1000 

0.0677 

100.0 

-0.0406 

9). 6 

1.1483 

0.0165 

134.5 

•/R-4.4 


A/(Y/E) 

S/Y 

THETA 

S/Y 

THETA 

0.0000 

l.OOOO 

-1.0000 

0.0500 

0.9623 

180.0 

-0.9621 

90,0 

O.IOOO 

0.9242 

180.0 

-0.9238 

90.0 

0.1500 

0.8857 

180.0 

-0.8849 

90,0 

0.2000 

0.8468 

180.0 

-0.8455 

90.0 

0.2500 

0.8074 

160.0 

-0.8056 

90.0 

0.3000 

0.7676 

180.0 

-0.7652 

90.0 

0.3500 

0.7273 

180.0 

-0.7243 

90.0 

0.4000 

0.6866 

180.0 

-0.6828 

90.1 

0.4500 

0.6455 

180.0 

-0.6408 

90.1 

0.5000 

0.6039 

180.0 

-0.5983 

90.1 

0.5500 

0.5618 

180.0 

-0.5552 

90.1 

0.6000 

0.5193 

180.0 

-0.5116 

90.1 

0.6500 

0.4763 

180.0 

-0.4675 

90.2 

0.7000 

0.4329 

180.0 

-0.4227 

90.2 

0.7500 

0.3889 

180.0 

-0.3774 

90.3 

0.8000 

0.3445 

180.0 

-0.1114 

90.3 

0.8500 

0.2995 

180.0 

-0.2848 

90.4 

0.9000 

0.2540 

180.0 

-0.2176 

90.5 

0.9500 

0.2080 

180.0 

-0.1898 

90.7 

1.0000 

0.1615 

180.0 

-0.1412 

91.0 

1 .0500 

0.1143 

180.0 

-0.0919 

91.5 

I.IOOO 

0.0666 

180.0 

-0.0417 

93.2 

1.1492 

0.0166 

114.5 

8/R-4.6 


X/(Y/E) 

S/Y 

THETA 

S/Y 

THETA 

0.0000 

1.0000 

“1  .000(1 

0.0500 

0.9623 

180.0 

“0.9621 

90.0 

0.1000 

0.9242 

180.0 

-0.9238 

90,0 

0.1500 

0.8857 

180.0 

-0.8849 

90.0 

0.2000 

0.8467 

180.0 

-0.8455 

90.0 

0.2500 

0.8073 

180.0 

-0.8057 

90.0 

0.5000 

0.7675 

180.0 

-0.7653 

90.0 

0.3500 

0.7272 

180.0 

-0.7244 

90.0 

0.4000 

0.686S 

180.0 

“0.6830 

90. 1 

0.4S00 

0.6453 

180.0 

-0.6410 

90. 1 

0.5000 

0.6037 

180.0 

-0.5985 

90. 1 

0.5500 

0.5616 

180.0 

-0.5555 

90.1 

0.6000 

0.5191 

180.0 

-0.5119 

90.1 

0.6500 

0.4760 

160.0 

-0.4678 

90.2 

0.7000 

0.4325 

180.0 

-0.4231 

90.2 

0.7500 

0.3885 

180.0 

-0.3778 

90.2 

0.8000 

0.3440 

JBO.O 

-0.3319 

90.  3 

0.8500 

0.2990 

180.0 

-0.2854 

90.4 

0.9000 

0.2534 

180.0 

-0.2383 

90.5 

0.9500 

0.2073 

180.0 

-0.1905 

90.6 

1 .0000 

0.1607 

180.0 

-0.1420 

90.9 

1 .0500 

0.1135 

180.0 

-0.0928 

91.4 

1.1000 

0.0657 

180.0 

-0.0427 

92.6 

1.1499 

0.0136 

134.6 

•/R»4.8 

A/(Y/£) 

S/Y 

THETA 

S/Y 

THETA 

0.0000 

0.0500 

1.0000 

0.9623 

180.0 

-1,0000 

-0.9621 

90.0 

0.1000 

0.9242 

160.0 

-0.9238 

90.0 

0.1500 

0.8857 

160.0 

-0.8849 

90.0 

0.2000 

0.8467 

780.0 

-0.8456 

90.0 

0.2500 

0.8073 

180. 0 

-0.8057 

90.0 

0.3000 

0.7675 

180.0 

-0.7654 

90.0 

0.3500 

0.7272 

180.0 

-0.7245 

9i'\0 

0.4000 

0.6864 

iflO.O 

-0.6831 

90.0 

0.4500 

0.6452 

180.0 

-0.6412 

90. 1 

0.5000 

0.6036 

180.0 

-0.5987 

90.1 

0.55O0 

0.5614 

160.0 

-0.5557 

90. 1 

0.6000 

0.5188 

180. 0 

-0.5122 

90.1 

0.6500 

0.4758 

180.0 

-0.4681 

90.  1 

0.70O0 

0.4322 

180.0 

-0.4234 

90.2 

0.7500 

0.3881 

180. D 

-0.3782 

90.2 

0.80U0 

0.3436 

180.0 

-0.3324 

90.  3 

0.8500 

0.29H5 

180.0 

-0.2859 

90.  3 

0.9000 

0.2529 

180.0 

-0.2388 

90.4, 

0.9500 

0.2067 

180.0 

-0. 191 1 

90.6 

1 .0000 

0.  IMK) 

180.0 

-0.1427 

90.8 

1 .0500 

0.1127 

180.0 

-<1.0936 

91.2 

1 . 1  onn 

0.0648 

160.0 

-0.04)6 

92.4 

1.1500 

0.0154 

147,0 

0.0106 

i2‘*.0 

1 .1505 

0.0135 

134.6 

•/R-5.0 

A/(Y/E3 

S/Y 

THETA 

S/Y 

THETA 

0.0000 

0.0500 

1.0000 

0.9623 

180.0 

-1 .0000 
-0.9622 

90.0 

0.1000 

0.9242 

180. 0 

-0.9238 

90.0 

0.1500 

0.8857 

180.0 

-0.6850 

90.0 

0.2000 

0.8467 

160.0 

-<3.6456 

90.0 

0.2500 

0.8073 

180.0 

-0.8058 

90.0 

0.3000 

0.7674 

160.0 

-0.7654 

90.0 

0.3500 

0.7271 

160.0 

-0,7246 

90.0 

0.4000 

0.6863 

180.0 

-0.6832 

90.0 

0.4500 

0.6451 

160.0 

-0.6413 

90.1 

0.5000 

0.6014 

IRO.O 

-0.5989 

90.1 

0.5500 

0.5613 

180.0 

-0.5559 

90. 1 

0.6000 

0.5186 

180.0 

-0.5124 

90.1 

0.6500 

0.4755 

180.0 

-0.4684 

90. 1 

0.7000 

0.4319 

180.0 

-0.4238 

90.2 

0.7500 

0.3878 

1  BO .  0 

-0.3786 

90.2 

0.8000 

0.3432 

180.0 

-0.3328 

90.2 

0.8500 

0.2981 

180.0 

-0.2864 

90.3 

0.9000 

0.2524 

180.0 

-0.2391 

90.4 

0.9500 

0.2062 

180.0 

-0.1917 

90.5 

1.0000 

0.1594 

180.0 

-0.1433 

90.7 

1.05(30 

0.(120 

(SO.O 

-0.0943 

91.1 

1.1000 

0.0641 

180.0 

-0.0444 

92.2 

1.1500 

0.0152 

155.1 

0.0086 

119.1 

1.1510 

0.0135 

134.6 

TABLE  1:  (Concluded) 


«/K-5.2 


X/(Y/B) 

S/Y 

THETA 

S/Y 

T»TA 

0.0000 

1.0000 

>■1.0000 

0.0500 

0.9623 

160.0 

-0.9622 

90.0 

0.1000 

0.9242 

180.0 

-0.9238 

90.0 

0.1500 

0.8857 

180.0 

-0.8850 

90.0 

0.2000 

0.8467 

180.0 

-0.8457 

90.0 

0.2500 

0.8072 

180.0 

-0.8058 

90.0 

0.3000 

0.7674 

180.0 

-0.7655 

90.0 

0.3500 

0.7270 

180.0 

-0.7247 

90.0 

0.4000 

0.6862 

180.0 

-0.6833 

90.0 

0.4VX> 

0.6450 

180.0 

-0.6414 

90.0 

0.5000 

0.6033 

160.0 

-0.5991 

90.1 

0.5500 

0.5611 

180.0 

-0.5561 

90.1 

0.6000 

0.5164 

180.0 

-0.5127 

90.1 

0.6500 

0.4753 

180.0 

-0.4686 

90.1 

0.7000 

0.4317 

180.0 

-0.4240 

90.1 

0.7500 

0.3875 

180.0 

-0.3789 

90.2 

0.6000 

0.3429 

180.0 

-0.3331 

90.2 

0.8500 

0.2977 

180.0 

-0.2868 

90.3 

0.9000 

0.2520 

180.0 

-0.2398 

90.3 

0.9500 

0.2057 

180.0 

-0.1922 

90.4 

1 .0000 

0.1588 

180.0 

-0.1439 

90.6 

1.0500 

0.1114 

180.0 

-0.0949 

91.0 

1.1000 

0.0634 

180.0 

-0.0451 

91.9 

1.1500 

0.0147 

163.8 

0.0072 

115.5 

1.1514 

0.0105 

134.7 

•/8«5.4 

k/(V/8) 

S/Y 

THETA 

S/Y 

THETA 

0.0000 

0.0500 

l.OOOO 

0.9623 

180.0 

-1.0000 

-0.9622 

90.0 

0.1000 

0.9242 

180.0 

-0.9238 

90.0 

0.1500 

0.8857 

180.0 

-0.6850 

90.0 

0.2000 

0.8467 

180.0 

-0.8457 

90.0 

0.2500 

0.6072 

180.0 

-0.8059 

90.0 

0.3000 

0.7673 

160.0 

-0.7656 

90.0 

0.3500 

0.7270 

180.0 

-0.7246 

90.0 

0.4000 

0.6862 

160.0 

-0.6834 

90.0 

0.4500 

0.6449 

160.0 

-0.6416 

90.0 

0.5000 

0.6032 

160.0 

-0.5992 

90.1 

0.5500 

0.5610 

180.0 

-0.5563 

90.1 

0.6000 

0.5183 

180.0 

-0.5129 

90.1 

0.6500 

0.4751 

180.0 

-0.4689 

90.1 

0.7000 

0.4314 

180.0 

-0.4243 

90.1 

0.7500 

0.3872 

180.0 

-0.3792 

90.2 

0.8000 

0.3426 

180.0 

-0,3335 

90.2 

0.8500 

0.2973 

180.0 

-0.2871 

90.2 

0.9000 

0.2516 

180.0 

-0.2402 

90.3 

0.9500 

0.2052 

180.0 

-0.1926 

90.4 

1.0000 

0.1563 

180.0 

-0.1444 

90.6 

1.0500 

0.1109 

180.0 

-0.0955 

90.9 

1.1000 

0.0626 

180.0 

-0,0458 

91.7 

1.1500 

0.0140 

160.0 

0.0061 

112.6 

1.1518 

0.0104 

134.7 

•/E-5.6 

A/(Y/E) 

5/Y 

THETA 

S/Y 

THETA 

0.0000 

0.0500 

1.0000 

0.9623 

160.0 

-l.OOOO 

-0.9622 

90.0 

0.1000 

0.9242 

160.0 

-0,9239 

90,0 

0.1500 

0.6856 

180.0 

-0.6850 

90.0 

0.2000 

0.8466 

180.0 

-0.8457 

90.0 

0.2500 

0.8072 

180.0 

-0.8059 

90.0 

0.3000 

0.7673 

180.0 

-0.7656 

90.0 

0.3500 

0.7269 

160.0 

-0.7248 

90.0 

0.4000 

0.6861 

180.0 

-0.6835 

90.0 

0.4500 

0.64a 

160.0 

-0.6417 

90.0 

0.5000 

0.6031 

180.0 

•0.5993 

90.0 

0.5500 

0. 5608 

180.0 

-0.5564 

90.1 

0.6000 
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(b)  Location  of  yield  around  hole  interface 


FIG.  2;  INITIATION  OF  YIELD  FROM  INTERFERENCE-FIT  STRESSES  ALONE  (S/Y  =  0) 


1.15470 


FIG.  3:  LOADING  PARAMETER  COMBINATIONS  TO  INITIATE  YIELD 


FIG.  4:  LOCATION  OF  INITIATION  OF  YIELD 


Y/E 


5(a):  LOADING  PARAMETER  COMBINATIONS  TO  INITIATE  YIELD  FOR  GIVEN 
EDGE  DISTANCE  RATIO 


-<|co 


FIG.  5(b):  LOADING  PARAMETER  COMBINATIONS  TO  INITIATE  YIELD  AT  HOLE 
INTERFACE  FOR  GIVEN  EDGE  DISTANCE  RATIO  -  DETAIL  OF  RHS  OF 
FIG.  5(a). 


DISTRIBUTION 


AUSTRALU 

DEPARTMENT  OF  DEFENCE 


Central  Office 

Chief  Defence  Scientist 

Deputy  Chief  Defence  Scientist 

Superintendent,  Science  and  Program  Administration 

Controller,  External  Relations,  Projects  and  Analytical  Studies. 

Defence  Science  Adviser  (U.K.)  (Doc.  Data  sheet  only) 

Counsellor,  Defence  Science  (U.S.A.)  (Doc.  Data  sheet  only) 

Defence  Central  Library 

Document  Exchange  Centre,  D.I.S.B.  (18  copies) 

Joint  Intelligence  Organisation 

Librarian  H  Block,  Victoria  Barracks,  Melbourne 

Director  General — Army  Development  (NSO)  (4  copies) 


Aeronautical  Research  Laboratories 

Director 

Library 

Divisional  File — Structures 
Authors:  G.  S.  Jost 
R.  P.  Carey 
D.  Cl.  Ford 
J.  Y.  Mann 
B.  C.  Hoskin 
R.  Jones 
M.  Heller 


Materials  Research  Laboratories 
Director/Library 

Defence  Research  Centre 
Library 

Nary  Office 


Navy  Scientific  Adviser 


Anny  OfBce 


Scientific  Adviser — Army 

Engineering  Development  Establishment,  Library 

Royal  Military  College  Library 


Air  Force  Office 

Air  Force  Scientific  Adviser 
Aircraft  Research  and  Development  Unit 
Scientific  Flight  Group 
Library 

Technical  Division  Library 
RAAF  Academy,  Point  Cook 


Central  Studies  Estabiisiunent 
Information  Centre 


Government  Aircraft  Factories 

Manager 

Library 


DEPARTMENT  OF  AVUTION 
Library 

Flying  Operations  and  Airworthiness  Division 


STATUTORY  AND  STATE  AUTHORITIES  AND  INDUSTRY 
CSIRO 

Materials  Science  Division,  Library 

Trans- Australia  Airlines,  Library 

Qantas  Airways  Limited 

Ansett  Airlines  of  Australia,  Library 

Commonwealth  Aircraft  Corporation,  Library 

Hawker  de  Havilland  Aust.  Ltd.,  Bankstown,  Library 


UNIVERSITIES  AND  COLLEGES 


Adelaide 

Barr  Smith  Library 

Flinders 

Library 

Latrobe 

Library 

Melbourne 

Engineering  Library 

Monash 

Hargrave  Library 

Newcastle 

Library 

Sydney 

Engineering  Library 

N.S.W. 

Physical  Sciences  Library 

Queensland 

Library 

Tasmania 

Engineering  Library 

Western  Australia 

Library 

R.M.I.T. 

Library 

CANADA 

CAARC  Coordinator  Structures 

International  Civil  Aviation  Organization,  Library 

NRC 

Aeronautical  &  Mechanical  Engineering  Library 

Universities  and  Colleges 

Toronto  Institute  for  Aerospace  Studies 


FRANCE 

ONERA,  Library 


INDIA 

CAARC  Coordinator  Structures 

Defence  Ministry,  Aero  Development  Establishment,  Library 

Hindustan  Aeronautics  Ltd.,  Library 

National  Aeronautical  Laboratory,  Information  Centre 


INTERNATIONAL  COMMITTEE  ON  AERONAUTICAL  FATIGUE 


Per  Australian  ICAF  Representative  (26  copies) 


ISRAEL 

Technion-Israel  Institute  of  Technology 
Professor  A.  Buch 


JAPAN 

National  Research  Institute  for  Metals,  Fatigue  Testing  Division 


NETHERLANDS 

National  Aerospace  Laboratory  (NLR),  Library 


NEW  ZEALAND 

Defence  Scientific  Establishment,  Library 


SWEDEN 

Aeronautical  Research  Institute,  Library 


SWITZERLAND 

F  +  W  (Swiss  Federal  Aircraft  Factory) 


UNITED  KINGDOM 

ESDU  International  Ltd.,  London 

Ministry  of  Defence,  Research,  Materials  and  Collaboration 
CAARC,  Secretary 
Royal  Aircraft  Establishment 
Bedford,  Library 
Famborough,  Library 
National  Physical  Laboratory,  Library 
National  Engineering  Laboratory,  Library 
British  Library,  Lending  Division 
CAARC  Coordinator,  Structures 
Rolls-Royce  Ltd. 

Aero  Division  Bristol.  Library 
British  Aerospace 
Kingston-upon-Thamcs,  Library 
Hatfield-Chester  Division,  Library 
Fatigue  Technology  International,  Sutton  Coldfield 


Univenities  aad  Colleges 


Bristol 

Engineering  Library 

Cambridge 

Library,  Engineering  Department 

London 

Professor  G.  J.  Hancock,  Aero  Engineering 

Manchester 

Library 

Nottingham 

Science  Library 

Southampton 

Library 

Strathclyde 

Library 

Cranfield  Inst,  of 
Technology 

Library 

Imperial  College 

Aeronautics  Library 

UNITED  STATES  OF  AMERICA 

NASA  Scientific  and  Technical  Information  Facility 

Applied  Mechanics  Reviews 

Fatigue  Technology  Inc.,  Seattle 

The  John  Crerar  Library 

Boeing  Company 

Lockheed — California  Company 

Lockheed— Georgia  Company 

McDonnell  Aircraft  Company,  St.  Louis 


Universities  and  Colleges 

Clemson 
John  Hopkins 
Iowa 
Illinois 

Massachusetts  Inst, 
of  Technology 


Professor  M.  K.  Richardson,  Engineering  Mechanics 
Professor  S.  Corrsin,  Engineering 
Professor  R.  I.  Stephens 
Professor  D.  C.  Drucker 

M.I.T.  Libraries 


SPARES  (IS  copies) 


TOTAL  (163  copies) 


Overseas  enquirers  outside  stated  timitations  should  be  referred  through  A5DIS.  Defence  Information  Services 
Branch,  Department  of  Defence,  Campbell  Park.  CANBERRA,  ACT,  2601. 


13.  a.  This  document  may  be  ANNOUNCED  in  catalogues  and  awareness  services  available  to  .  .  . 

No  limitations 


^13.  b.  Citation  for  other  purposes  {i.e.  caaua/  announcement)  may  be  (se/ecr)  unrestricted  (or)  as  for  13  a. 

14.  Descriptors  15.  COSATI  Group 

Yield,  T^Stress  analysis '  1 1 130 

Bonding^  Elastic  properties  •  (f-iit  '  j  01030 

Interference-fit  devices  .  V 


16.  Abstract 

'^he  threshold  combinations  of  interference-pt  and  remote  loading  required  to  initiate  yield  in  a 
half-plane  containing  a  bonded  disc  of  the  some  material  are  evaluated  analytically.  Compre¬ 
hensive  tabular  data  are  given  over  the  fuU  range  of  ratio  of  hole  edge  distance  to  hole  radius, 
together  with  graphical  presentations  far  selected  cases.  /•  »- 


This  page  is  to  be  used  to  record  information  which  is  required  by  the  Establishment  for  its  own  use  but 
which  wilt  not  be  added  to  the  DISTIS  data  base  unless  specifically  requested. 


16.  Abstract  (Contd) 

17.  Imprint 

Aeronautical  Research  Laboratories,  Melbourne. 

18.  Document  Series  and  Number 

19.  Cost  Code 

20.  Type  of  Report  end  Period  Covered 

Structures  Report  41 3 

271035 

21.  Computer  Programs  Used 

22.  Establishment  File  ltef(s) 

— 

